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ABSTRACT
We modify a chiral effective lagrangian recently suggested to describe interac-
tions of the light pseudoscalars with mesons containing a heavy quark, so as
to incorporate light vector resonances, such as ρ, etc. The modification uses
the hidden gauge symmetry approach. As a preliminary example we present
an application to the semileptonic D → K⋆ decay.
1 Introduction
Much work has been recently devoted to the formulation of an effective heavy quark the-
ory and to the study of its predictions [1], [2], [3], [4], [5]. Recently Wise [6] has proposed
an effective lagrangian to describe at low momentum the interactions of a meson contain-
ing a heavy quark with π, K, η (see also [7], [8]). The effective lagrangian possesses the
heavy-quark SU(2N) spin-flavor symmetry (for N heavy quarks) and a non-linearly real-
ized SU(3)L⊗SU(3)R chiral symmetry in the light sector, corresponding to spontaneous
symmetry breaking of the chiral group to the diagonal SU(3)V .
The aim of the present paper is to present an extension of such a description to
accommodate inside the scheme also the “light” vector resonances as ρ, K⋆, etc. The
effective lagrangian incorporating the vector resonances is given below (see eq. (4.3)). We
will then apply the formalism, in a preliminary way, to the decay D → K⋆ℓν.
To introduce vector resonances we will follow the standard hidden gauge symmetry
technique already used in previous cases [9], [10], [11].
A further extension of the method allowing for the introduction of axial-vector reso-
nances has been described in [10] and in [12]. For the applications described in this paper
we will consider only the case of the octet of vector resonances, and we will not discuss the
also known enlargement to U(3)L ⊗ U(3)R, that would be necessary to study the nonet,
besides the extension to the axial-vector case.
2 Non linearly realized chiral symmetry
Let us recall the basic elements leading to the effective lagrangian of Wise [6].
The description of a light pseudoscalar meson can be encoded in the 3 × 3 unitary
matrix
Σ = exp
2iM
f
(2.1)
where f ≈ 132 MeV is the pseudoscalar pion decay constant and M is the matrix
M =


√
1
2
π0 +
√
1
6
η π+ K+
π− −
√
1
2
π0 +
√
1
6
η K0
K− K¯0 −
√
2
3
η

 (2.2)
At the lowest order in the derivatives, and in the massless limit, the chiral lagrangian is
Lchiral = f
2
8
Tr
[
∂µΣ∂µΣ
†
]
(2.3)
showing the invariance under the transformations of SU(3)L ⊗ SU(3)R:
Σ→ gLΣgR† (2.4)
To describe interactions with other fields it turns out convenient to go to the CCWZ
realization [13]:
Σ = ξ2 (2.5)
1
with ξ transforming in the following way
ξ → gLξU † = Uξg†R (2.6)
where U ∈ SU(3) is a non-linear function of gL, gR and ξ.
The effective description of the ground state of the system Qq¯a (Q is c or b and q1 = u,
q2 = d, q3 = s) uses the 4× 4 matrix Ha [14], [6] (a = 1, 2, 3)
Ha =
(1 + v/)
2
[P ⋆aµγ
µ − Paγ5] (2.7)
which transforms under SU(3)L ⊗ SU(3)R as
Ha → HbU †ba(x) (2.8)
We recall that in (2.7) P ⋆aµ and Pa annihilate respectively a spin-1 and spin zero meson
Qq¯a of velocity vµ (v
µP ⋆aµ = 0). The heavy quark spin symmetry SU(2)v acts as
Ha → SHa (2.9)
for S ∈ SU(2)v, satisfying [v/, S] = 0, and under Lorentz transformations
Ha → D(Λ)HaD(Λ)−1 (2.10)
Let us also recall that one defines
H¯a = γ0H
†
aγ0 (2.11)
3 Description through a linear gauge symmetry
Eq. (2.6) implies in particular, that the transformation U depends on the space-time. It
is then possible to get a simpler, linear realization, by using the hidden gauge symmetry
approach. This consists in using two new SU(3)-matrix valued fields L and R to build
up Σ
Σ = LR† (3.1)
The chiral lagrangian in eq. (2.3) is then invariant under the group SU(3)L ⊗ SU(3)R ⊗
SU(3)H
L→ gLLh†(x), R→ gRRh†(x) (3.2)
where h ∈ SU(3)H is a local gauge transformation. The local symmetry associated to
the group SU(3)H is called the hidden gauge symmetry because the field Σ belongs to
the singlet representation. It should be noticed that this description is equivalent to the
previous one by the gauge choice L = R†, which is always possible to make (at least
locally). From the fields L and R we can construct two currents
Vµ = 1
2
(
L†∂µL+R
†∂µR
)
(3.3)
Aµ = 1
2
(
L†∂µL− R†∂µR
)
(3.4)
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which are singlets under SU(3)L ⊗ SU(3)R and transform as
Vµ → hVµh† + h∂µh† (3.5)
Aµ → hAµh† (3.6)
under the local group SU(3)H .
In this notation, the transformation for Ha reads
Ha → Hbh†ba(x) (3.7)
and the covariant derivative is defined as
DµH¯ = (∂µ + Vµ)H¯ (3.8)
4 Inclusion of vector mesons
The octet of vector resonances (ρ, etc.) are introduced as the gauge particles associated
to the group SU(3)H . We put
ρµ = i
gV√
2
ρˆµ (4.1)
where ρˆ is a hermitian 3×3 matrices analogous to the one defined in equation (2.2). This
field transforms under the full symmetry group as Vµ
ρµ → hρµh† + h∂µh† (4.2)
The vector particles acquire a common mass through the breaking of SU(3)L⊗SU(3)R⊗
SU(3)H to SU(3)V . In fact, 8 out of the 16 Goldstone bosons coming from the breaking
are the light pseudoscalar mesons, whereas the other 8 are eaten up by the ρ field.
From all the preceding transformation laws one is lead to the following simple la-
grangian which incorporates the Wise lagrangian and the vector-octet interactions with
the heavy mesons and the pseudoscalars
L = Llight + iT r[Havµ∂µH¯a] + iT r[Hbvµ(Vµ)baH¯a]
+igT r[Hbγµγ5(Aµ)baH¯a] + iβTr[Hbvµ (Vµ − ρµ)ba H¯a]
+
β2
2f 2a
Tr[H¯bHaH¯aHb]
+λ0Tr[mqΣ +mqΣ
†]
+λ1Tr[H¯a(R
†mqL+ L
†mqR)abH¯b]
+λ′1Tr[HaH¯a(mqΣ+ Σ
†mq)bb + · · · (4.3)
where the ellipsis denotes terms with additional derivatives as well as higher order mass
corrections (1/mQ, etc.), and Llight is
Llight = −f
2
2
{
tr[AµAµ] + atr[(Vµ − ρµ)2]
}
+
1
2g2V
tr[Fµν(ρ)F
µν(ρ)] (4.4)
3
In eqs. (4.3) and (4.4) g (the same one occurring in the Wise lagrangian), β, a are
constants (f and gV had been defined above),
Fµν(ρ) = ∂µρν − ∂νρµ + [ρµ, ρν ] (4.5)
the trace operations are Tr on spinor indices and tr on group indices. In (4.3) a sum on
the velocities vµ is understood.
The quartic term in the heavy meson fields in (4.3) follows from the requirement that
the lagrangian goes back to the Wise lagrangian in the formal limit gV →∞ (mρ →∞)
in which the ρ field decouples.
The lagrangian Llight, eq. (4.4), describes light pseudoscalars and vector resonances.
It reproduces in this sector all the good results of vector dominance [10]. Of the three
terms in eq. (4.4), the first one reproduces the chiral lagrangian of eq. (2.3), as it can be
seen by using the identity
Tr[AµAµ] = −1
4
Tr[∂µΣ∂
µΣ†] (4.6)
By coupling to the electromagnetic field one gets that the first KSRF relation [15] is
automatically satisfied, i.e. gρ = gρππf
2, where gρ is the ρ − γ mixing. Furthermore by
the choice a = 2 it is also possible to satisfy the second KSRF relation, m2ρ = g
2
ρππf
2.
Using (4.3) we get
m2ρ =
1
2
ag2V f
2 (4.7)
and for a = 2
gV =
mρ
f
≈ 5.8 (4.8)
Finally, the light-quark mass-terms in eq. (4.3) are the same as defined by Wise.
Eq. (4.3) is the lagrangian we propose as an attempt to improve on the chiral Wise
lagrangian by taking into account also light vector mesons effects. The extension to include
axial-vector resonances can easily be made following references [10] and [12]. Also, one
can easily enlarge to U(3)L⊗U(3)R [10], necessary to study the full resonance nonets. As
an example, we will present in the next section a preliminary, and as we will see probably
incomplete, discussion of the semileptonic decay D → K⋆ℓν, which does not require at
this stage the extensions we have mentioned.
5 Application to the semileptonic decay D → K⋆
We will apply the previous formalism to the calculation of semileptonic decays of B and
D mesons to “light” vector states as ρ and K⋆. We will consider the explicit calculation
of D+ → K¯0⋆ℓν.
First of all we need to construct an effective current between heavy mesons and light
vectors transforming as (3¯L, 1R) under SU(3)L⊗SU(3)R (remember that the quark current
is Jµa = q¯aγ
µ(1− γ5)Q). The lowest dimension relevant operator is
Lµa = i
α
2
Tr[γµ(1− γ5)Hbξ†ba] + α1Tr[γ5Hb(ρµ − Vµ)bcξ†ca] + · · · (5.1)
4
where the ellipsis denotes terms vanishing in the limit mq → 0, mQ → ∞ or terms with
derivatives. The constant α can be obtained by considering the matrix element of Lµa
between the meson state and the vacuum, with the result
〈0|q¯γµγ5Q|P 〉 = ifPmP vµ (5.2)
In the limit mQ →∞
α = fP
√
mP (5.3)
and α has a calculable logarithmic dependence on the heavy quark masses.
For the following we will need also the parametrization of the matrix element of the
quark current in terms of form factors
〈K¯0⋆(p′, ǫ)|Jµ|D+(p)〉 = ǫµνρσǫ∗νpρp′σ 2V (q
2)
(MD +MK⋆)
+ iǫ∗µ(MD +MK⋆)A1(q
2)
−i(ǫ∗ · q)
[
(p+ p′)µ
A2(q
2)
(MD +MK⋆)
+ 2
MK⋆
q2
qµA(q
2)
]
(5.4)
where q = p− p′ and A(0) = 0. Using the effective lagrangian given in eq. (4.3) we find
two contributions to the calculation of the matrix element of the current. The first one
(see Fig. 1) is just the matrix element of Lµ between meson states, and it gives
− 2i gV√
2
α1
√
MDǫ
∗
µ (5.5)
Then we have the contribution from the exchange of D+s (see Fig. 2). The trilinear
coupling between Ds, D and K
⋆ can be easily derived from the last term in the lagrangian
(4.3). We find
− iβ gV√
2
fD(ǫ
∗ · q)
MD(v · p′ +∆′)qµ (5.6)
where ∆′ = MDs −MD, vµ is the four-velocity of Ds, and fD = (α/
√
MD) is the decay
coupling constant of the meson D (see [6]). The mass splittings among the heavy mesons
are treated by adding convenient terms to the lagrangian (4.3) (a color magnetic moment
operator). This is discussed in ref. [6] together with the modifications induced on the
heavy quark propagators.
We see that the lagrangian (4.3) gives contributions only to the form factors A1(q
2) and
A(q2). However there are other possible pole terms that could contribute. For instance
the ones coming from the p-wave meson excitations. The necessary formalism to deal
with these states has been discussed by Falk [16], but, at least in this paper, we will not
consider these contributions, our main motivation being to illustrate the formalism, rather
than to perform a complete calculation. However, there is another possible contribution
that we can take into account, that is the pole contribution from a D⋆s meson as illustrated
in Fig. 3. The lagrangian (4.3) does not contribute to the trilinear coupling among D,
D⋆s and K
⋆, so we need to consider a higher dimensional invariant operator to add to it
iλTr[HaσµνF
µν
ab (ρ)H¯b] (5.7)
The contribution from the diagram of Fig. 3 is then
− gV√
2
2λfD
v · p′ +∆ǫµνρσǫ
∗νpρp′σ (5.8)
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with ∆ =MD⋆
s
−MD.
Summarizing, we get the following expressions for the form factors defined in eq. (5.4)
at q2max
V (q2max) = −
gV√
2
λfD(MD +MK⋆)
MK⋆ +∆
A1(q
2
max) = −
gV√
2
2α1
√
MD
(MD +MK⋆)
A2(q
2
max) = 0
A(q2max) =
gV√
2
βfD
MD(MK⋆ +∆′)
(MD −MK⋆)2
2MK⋆
(5.9)
As we have discussed previously, the reason why we find A1 independent of q
2 and A2 = 0,
is that we are neglecting the p-wave contributions. However these states do not contribute
to the form factor V (q2).
We expect our calculation to be reliable only around the region of maximum recoil
q2 = (MD−MK⋆)2, so in order to compare with experimental data and with other models
we need to extrapolate our form factor down to q2 = 0. For this, we assume the pole
dominance of V from the D⋆s exchange
V (q2) = V (0)
M2D⋆
s
M2D⋆
s
− q2 (5.10)
The expression we get for V (0) is
V (0) = − gV√
2
λfD(MD +MK⋆)(2MD −MK⋆ +∆)
M2D⋆
s
(5.11)
An evaluation for λ can be obtained using the recent data from the E653 Collaboration
[17]
V (0) = 0.99± 0.27 (5.12)
We get (using fD ≈ 200 MeV as obtained from QCD sum rules [18])
λ = −(0.63± 0.17) GeV −1 (5.13)
This number turns out to be of the right order of magnitude, as we expect that the
momentum expansion is regulated by the chiral symmetry breaking scale, which is believed
to be around 1 GeV .
Unfortunately, from this process, it is impossible to draw any conclusion about the β
parameter, because the form factor A(q2) is practically not accessible to the experiments.
We may have a further check on our approach by studying the form factor V for the
companion semileptonic processes D → ρ and B → ρ. We can easily evaluate these
processes following the same steps as for D → K⋆, with obvious changes (for example
D⋆s → D⋆ and D⋆s → B⋆ respectively, MK⋆ →Mρ, and ∆ = 46 MeV for B → ρ).
However, due to the lack of experimental data about these reactions we can only
compare our results with the ones obtained in other calculations. A comparison is shown in
the following table, for V (q2max) ≡ V m in the various processes assuming as normalization
D → K⋆, and using the scaling relation fB/fD =
√
(mD/mB).
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Our result WSB [19] AW [20] LMMS [21]
V mD→ρ/V
m
D→K⋆ 1.25 1.05 1.20 0.98
V mB→ρ/V
m
D→K⋆ 1.90 0.73 1.64 -
Note however that the above scaling law from the meson decay constants is most
probably afflicted by order O(1/mQ) corrections, presumably still big at the charm mass.
This appears from studies of QCD sum rules [18], and lattice QCD calculations [22].
In fact, besides the non inclusion of the p-waves excitations in the calculations, that
we have already mentioned, the lack of a discussion of the non-leading contributions in
the derivative expansion and of neglected O(1/mQ) corrections is one of the weakest
points of the present calculation, which we have presented mostly as a concrete example
of application of the effective lagrangian (4.3). The fact that the K⋆ mass is not negligibly
small as compared to the D mass leads additional work as inevitable before coming to
final conclusions.
6 Conclusions
The lagrangian in eq. (4.3) is proposed as a convenient way to incorporate light vector
resonances, such as ρ, K⋆, etc., into the effective lagrangian for mesons containing a
heavy quark. We have applied such a lagrangian to the D → K⋆ semileptonic decay, to
see how the formalism may work in a particular case but leaving apart the discussion of
non-dominant effects.
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Figure Captions
Fig. 1 Feynman diagram giving rise to the contribution (5.5). The shaded square denotes
the current of eq. (5.1).
Fig. 2 Feynman diagram giving rise to the contribution (5.6). The shaded square denotes
the current of eq. (5.1).
Fig. 3 Feynman diagram giving rise to the contribution (5.8). The shaded square denotes
the current of eq. (5.1).
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